INTRODUCTION ϭ
Cotton bollworm/legume pod borer, Helicoverpa armigera (Noctuidae: Lepidoptera), Ϯ is one of the major constraints to crop production in Asia, Africa, Australia and the ϯ Mediterranean Europe. It is a polyphagous pest and has been reported to attack more than 200 ϰ different species of plants including cotton, pigeonpea, groundnut sorghum, maize, chickpea, ϱ vegetables, fruit and forest trees [1] . The Lepidopteran larvae are 'eating machines', and they ϲ grow much faster than young mammals and birds, with strong metabolic processes [2] . Fast ϳ growth of H. armigera larvae occurs due to large midgut epithelium, which digests and ϴ absorbs the nutrients from the food [3] . Because of its reliance on aerobic metabolism, it also ϵ requires the presence of an active mitochondrial system for oxidative phosphorylation to meet ϭϬ the energy demands of the insect during growth and metamorphosis through different stadia.
ϭϭ
The metabolic system conceptually divides oxidative phosphorylation into three blocks of ϭϮ reaction, the substrate oxidation system, the phosphorylation system, and the proton transport 
ϭϰ
Insecticides exhibit a high level of pest control ability combined with a relatively low ϭϱ degree of environmental toxicity; hence, they are used widely around the world in agriculture ϭϲ and in households. Most classes of insecticides are neurotoxic in nature with their toxic ϭϳ effects employing on broad group from insects to mammals. There are a number of reports on ϭϴ the mode of action of insecticides on insects as well as on non-target groups with different ϭϵ target sites [4, 5] . Studies on the effects of insecticides have mainly been carried out under in ϮϬ vivo conditions in rodents [6] , Pisces [7] , and pigs [8] . However, there is little information on Ϯϭ the effect of insecticides in insects under in vivo conditions, and hence, we evaluated the in ϮϮ vivo effects of methylparathion and carbofuran, organophosphorous and carbamate Ϯϯ insecticides, respectively, on the larvae of cotton bollworm, H. armigera.
Ϯϰ
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In addition to the inhibition of acetylcholinesterase, methylparathion also affects ϭ carbohydrate, nitrogen, lipid, and oxidative metabolism in crustaceans [9] . It also causes Ϯ chromosomal aberrations, alterations in oxidative phosphorylation, and carbohydrate ϯ metabolism in fish [10] . Organophosphorous insecticides (OPI) induced oxidative stress, ϰ genotoxicity and DNA damage in human [11] . In addition to the inhibition of target enzyme, ϱ acetylcholinesterase, carbofuran has been reported to cause a number of other biochemical ϲ afflictions such as, altered energy metabolism, oxidative stress, mitochondrial respiratory ϳ chain dysfunction and DNA damage in different non-target organism including human [12, ϴ 13, 14, 15] . 
Isolation of mitochondria ϭϵ
The fourth-and fifth-instar larvae were starved for 3 h, their midguts content (Fig. 2, 3 ). 
Bioassays of insecticides on H. armigera larvae ϵ
Both the insecticides inhibited the larval growth in a dose-dependent manner. At 100 µM, ϭϬ there was ~ 64% and 67% inhibition in larval growth in larvae fed on diets with ϭϭ methylparathion and carbofuran, respectively (Fig. 11) . 
